Abstract. Benign lipomas and well-differentiated liposarcomas share many histological and molecular features. Due to their similarities, patients with these lipomatous tumors are misdiagnosed up to 40% of the time following radiological detection, up to 17% of the time following histological examination, and in as many as 15% of cases following fluorescent in situ hybridization for chromosomal anomalies. Incorrect classification of these two tumor types leads to increased costs to the patient and delayed accurate diagnoses. In this study, we used genomics analysis to identify several genes whose mRNA expression patterns were significantly altered between lipomas and well-differentiated liposarcomas. We confirmed our findings at the protein level using a panel of 30 human lipomatous tumors, revealing that C4BPB, class II, major histocompatibility complex, CIITA, EPHB2, HOXB7, GLS2, RBBP5, and regulator of RGS2 protein levels were increased in well-differentiated liposarcomas compared to lipomas. We developed a multi-protein model of these markers to increase discriminatory ability, finding the combined expression model with CIITA and RGS2 provided a high ability (AUC=0.93) to differentiate between lipomas and well-differentiated lipo sarcomas with sensitivity at 83.3% and specificity at 90.9%.
Introduction
Lipomatous tumors are a highly diverse group of mesenchymal neoplasms characterized by an overgrowth of adipose cells or their precursors. Benign lipomas are the most prevalent type of lipomatous tumor and are the most common soft tissue tumor (1) . Lipomas affect approximately 1% of the general population, appearing most often in patients aged 40-60 years and generally ranging in size from 1 to 3 cm, although rare giant lipomas can grow to 20 cm in diameter and weigh up to 5 kg (2,3). These relatively common tumors are rarely life threatening and in most cases do not require medical treatment unless the tumor restricts movement or causes pain. By contrast, malignant liposarcomas are much more rare (approximately 2.5 cases per million individuals), but rank as the second most common of all soft tissue sarcomas in humans (4) . Liposarcomas can be characterized into multiple, phenotypically diverse subtypes including well-differentiated, myxoid/round cell liposarcomas, pleiomorphic, and de-differentiated. These malignant tumors exhibit 5-year survival rates as low as 39% depending on the particular histological subtype (5) .
Many molecular and clinical similarities exist between lipomas and low-grade liposarcomas such as the well-differentiated subtype (6, 7) . Thus, a diagnostic dilemma can occur with regard to differentiating these tumors. When comparing lipomas and low-grade liposarcomas, patients are misdiagnosed 30-40% of the time following radiological detection (8) (9) (10) and in 7-17% of histological evaluations (11) . Even fluorescent in situ hybridization (FISH) for MDM2-CDK4 amplification (considered the gold standard for distinguishing lipomas from low-grade and de-differentiated liposarcomas) is inaccurate and/or provides uninterpretable results in 10-15% of cases (12) (13) (14) (15) (16) . Diagnostic accuracy is also problematical due to morphological heterogeneity within particular lipomatous tumors. For instance, benign pleomorphic lipomas exhibit unusual features such as the presence of hibernomas or tumor pleomorphism that can lead to confusion with malignant liposarcomas (17) . Many liposarcomas display transitional features of low-to high-grade lesions or consist of well-differentiated regions associated with non-lipogenic sarcoma often resembling malignant fibrous histiocytomas or fibrosarcoma (17) . Further complicating this issue is a recent study that reveals MDM2 and CDK4 genes are both amplified in up to 5% of large and deep-seated lipomas, suggesting that the clinical significance of gene amplifications for lipomatous tumors is unclear and requires further studies (18 long-term survival. In the present study, we utilized a combination of bioinformatics and immunohistochemistry (IHC) analysis to accurately and sensitively identify biomarkers that effectively distinguish benign from low-grade malignant lipomatous tumors. The model's discriminatory performance was assessed using area under the curve (AUC) with a 95% confidence interval. Furthermore, the threshold for each marker and combined model in differentiating lipoma from well-differentiated liposarcoma was determined using receiver operating characteristics analysis. The cut-off value was chosen where sensitivity and specificity were found to be similar.
Materials and methods

Meta
Results
Nakayama et al (19) previously published data comparing the relative global gene expression profiles of various soft tissue sarcomas. These data are freely and publically available in the GEO (no. GSE6481, www.ncbi.nlm.nih.gov/geo/). Included in this genomic dataset are transcriptional profiles from benign lipomas and well-differentiated liposarcomas. The data from this analysis can serve as a guide for further validation experiments using larger patient datasets to identify biomarkers that can differentiate lipomas from well-differentiated liposarcomas. Unsupervised hierarchical clustering analysis of the lipoma and well-differentiated liposarcoma gene expression data from Nakayama et al (14) showed that a marked divergence in expression profiles occurred even within each tumor subtype. However, clear clustering occurred for the tumors based on their histological type (Fig. 1) . This result suggests that despite the current clinical difficulty in distinguishing these tumor types based on radiology, histology, or cytogenetics, differences in the gene expression profiles may be identified and utilized to differentiate lipomas from well-differentiated liposarcomas. We selected 15 genes from this meta-analysis that were differentially regulated in well-differentiated liposarcomas compared to lipomas for further investigation. The genes included ABCB11, BMP8A, C4BPB, CIITA, EPHB2, GLS2, HOXB7, PKN2, RAB6B, RBBP5, RGS2, SERINC2, SNCG, SOX30 and TSHR. We validated the expression of the 15 genes at the protein level using IHC on an independent panel of clinically defined lipomatous tumors. This tumor panel consisted of 11 lipoma tumors and 19 well-differentiated liposarcomas. The clinico-pathological characteristics of this patient dataset are reported in Table I . The distribution of age, sex, and location were almost similar between the groups. Semi-quantitative analysis of the staining across the tumor panel demonstrated that C4BPB, CIITA, EPHB2, HOXB7, GLS2, RBBP5, and RGS2 protein levels were increased in well-differentiated liposarcomas compared to lipomas (Figs. 2 and 3) . Despite changes in gene expression observed in our meta-analysis, the IHC analysis did not detect differences in the protein expression of ABCB11, BMP8A, PKN2, RAB6B, SERINC2, SNCG, SOX30, or TSHR between lipomas and well-differentiated liposarcomas (data not shown).
To confirm the statistical significance of our findings, logistical regression models we utilized to assess the individual discriminatory value of each protein to distinguish between lipoma and well-differentiated liposarcoma. Due to the large variation in IHC scores, a natural log transformation after adding 1 was made for each differentially expressed protein. Table II reveals the individual model of each marker for differentiating well-differentiated liposarcoma from lipoma. These individual models can be used to differentiate two types of tumor groups, and all considered markers were found to be significantly associated with well-differentiated liposarcoma. In the unadjusted analysis, the highest strength of association with well-differentiated liposarcoma as compared with lipoma was observed for HOXB7 (OR=20.590) followed by CIITA (OR=14.963) and RGS2 (OR=11.509). Table III shows the Figure 1 . Unsupervised hierarchical clustering analysis. Gene expression profiles of three benign lipomas and three well-differentiated liposarcomas from the publically available sarcoma gene expression dataset (GEO no. GSE6481) is displayed as a heat map. Individual genes are represented along the vertical axis, and lipomas (N=3) and well-differentiated liposarcomas (N=3) are represented along the horizontal axis. Red, overexpression; green, underexpression. GEO, Gene Expression Omnibus.
cut-off value of each marker to be used for differentiating the two groups. The highest classification accuracy was obtained using CIITA (≥2) with sensitivity 77.8% and specificity 90.1% followed by RGS2 (≥2) with sensitivity 66.7% and specificity 81.8% and GLS2 (≥6) with sensitivity 72.2% and specificity 72.7%. The overall performance of each model was reported in Table IV . The maximum AUC was obtained for the CIITA model (0.894) followed by RGS2 (0.854). According to AUCs, the individual performances of C4BPB, GLS2, RBBP5 and HOXB7 models were found to be almost similar. The lowest AUC was obtained for EPHB2 model. This indicates that the individual CIITA model can be reliably used for differentiating the two types of lipomatous tumors followed by the RGS2 model.
We developed a multi-protein model of these markers to increase discriminatory ability. Our analysis revealed the combined model with Ciita and Rgs2 provides the highest ability (AUC=0.93) to differentiate between lipomas and well-differentiated liposarcomas (Table V) . The Note that all markers are natural log transformed after adding 1. RC, regression coefficient; CI, confidence interval; OR, odds ratio. )]} where P(WDL) is the probability of the tumor being a well-differentiated liposarcoma, and Ciita and Rgs2 are the IHC scores for each protein, respectively. The cut-off value for the combined model differentiated the two tumor types with sensitivity at 83.3% and specificity at 90.9%.
Discussion
Differentiation between lipoma and well-differentiated liposarcoma can be challenging, particularly in core biopsies where Figure 2 . IHC of diagnostic markers. Representative IHC images for seven proteins whose expression was differentially regulated between benign lipomas and well-differentiated liposarcomas. Negative controls lacking the primary antibody and positive controls from the tissues shown by the Human Protein Atlas (www.proteinatlas.org) to be positive for each antigen were used to ensure immunopositivity was reliable. Brown staining indicates immunopositivity. IHC, immunohistochemistry.
tumor tissue is sparse and where the histological features are very similar. These issues lead to increased diagnostic costs because of the need to send uncertain biopsies to tertiary referral centers for correct classification (20, 21) . A recent publication confirmed that MDM2 amplification detected by FISH, which is considered the gold standard for distinction of lipomas from well-differentiated liposarcomas, showed high concordance rates with tumor types when firm histological diagnoses were made and the tissues were not considered equivocal diagnoses (22) . Despite this finding, the authors of that demonstrated that MDM2 amplification also occurs in other types of liposarcomas (22) . Additionally, previous findings have shown that diverse soft tissue sarcomas harbor MDM2 amplifications in up to 40% of cases (23) (24) (25) (26) . MDM2 amplification occurs in 31.6% of 'possible' well-differentiated liposarcomas (22) , in 28.6% of 'probably' well-differentiated liposarcomas (22) , and in 5% of large and deep-seated lipomas (18) . Since FISH is both labor and cost intensive, development of more reliable and/or cost-effective diagnostic biomarkers for these lipomatous tumors may reduce cost and speed of diagnosis.
Various methods have been utilized to identify disease biomarkers, and within the past decade omics-based technologies have allowed the knowledge-guided computational identification of diagnostic and prognostic markers of disease characterization, progression, outcome, and treatment susceptibilities (27) . Such studies have been previously employed for soft tissue sarcomas. For instance, bioinformatics analysis has been utilized on microarray data from diverse sets of soft tissue sarcomas revealing well-defined gene networks that may effectively classify sarcoma subtypes and serve as a useful tool for rational taxonomy and diagnosis of tumors (19, (28) (29) (30) . In this study, we performed a meta-analysis on a panel of lipomatous tumor samples that were previously classified based on gene expression analysis. We identified 301 genes whose mRNA expression differed at least 2-fold between lipomas and well-differentiated liposarcomas. Of these identified genes, we validated our findings at the protein level for 15 of them, finding that over half of the expression patterns identified at the mRNA level in our meta-analysis correlated well at the protein level. Indeed, our most reliable multiprotein model exhibited sensitivity at 83.3% and specificity at 90.9% with regard to differentiating lipomas from well-differentiated liposarcoma tumors.
